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Searching for departures from general relativity (GR) in more than one post-Newtonian (PN) phasing coeffi
cients, called a multi-parameter test, is known to be ineffective given the sensitivity of the present generation of 
gravitational-wave (GW) detectors. Strong degeneracies in the parameter space make the outcome of the test 
uninformative. We argue that Principal Component Analysis (PCA) can remedy this problem by constructing 
certain linear combinations of the original PN parameters that are better constrained by gravitational wave 
observations. By analyzing binary black hole events detected during the first and second observing runs (01 
and 02) of UGO/Virgo, we show that the two dominant principal components can capture the essence of a 
multi-parameter test. Combining five binary black hole mergers during 01/02, we find that the dominant linear 
combination of the PN coefficients obtained from PCA, 8$��

A
' is consistent with GR within the 0.38 standard 

deviation of the posterior distribution. Furthermore, using a set of simulated non-GR signals in the three-detector 
UGO-Virgo network with designed sensitivities, we find that the method is capable of excluding GR with high 
confidence as well as recovering the injected values of the non-GR parameters with good precision. 

I. INTRODUCTION

Despite the huge success general relativity (GR) has had 
with the solar system and binary pulsar-based tests, there has 
been enormous excitement to test the predictions of the theory 
in the highly nonlinear regime of the mergers of compact bi
naries comprising of black holes and neutron stars [ 1-4]. This 
has been made possible by the recent detections [5-13] by the 
global network of Advanced UGO [14] and the Advanced 
Virgo [15] detectors. Compact binary mergers observed so far 
are all consistent with the predictions of GR within statistical 
uncertainties [16-18]. However, with the expected enhance
ment in the sensitivity of UGO, Virgo, and KAGRA [19] 
detectors in the coming years [20], we would be in a posi
tion to either constrain GR to exceptional precision or detect a 
deviation from GR. 

One of the most generic tests of GR using GW s, employed 
on all the GW detections, is the so-called parametrized test of 

GR [21-27]. This test searches for potential deviations from 
GR in the various post-Newtonian (PN) terms in the phase 
evolution of a signal [28]. It is known that the PN phasing 
coefficients carry the imprints of a variety of physical effects 
in the general relativistic dynamics of a compact binary. For 
example, they capture the effects of the 'tail' radiation due 
to the backscattering of the wave by the source's background 
spacetime [29], tails of tails [30, 31], spin-orbit [32] and spin
spin interactions [33], among others. In a modified theory of 
gravity, one might expect one or more of these effects to have 
behaviors that are qualitatively or quantitatively different from 
GR [34-36], modifying one or more of the PN coefficients. 
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Hence, precise quantification of the consistency of these coef
ficients with the predictions of GR is a very powerful test of 
GR [21, 22, 37, 38]. 

The frequency evolution of the gravitational-wave (GW)

phase can schematically be written in the PN approximation 
as, 

where v = (1rMJ) 1 13 is the PN expansion parameter. M =
m1 + m2 is the total mass of the system in the detector frame 
and 7/ = m1m2 / M2 is the symmetric mass ratio. N is the highest 
PN order up to which we currently know the phase evolution. 
<Pk and </Jk1 denote the non-logarithmic and logarithmic PN phas
ing coefficients, respectively and they depend on the masses 
and spins of the companion objects, within GR. In a modi
fied theory of gravity, dependencies of the PN coefficients on 
masses and spins could be different from GR or they may de
pend on additional parameters that characterize the new theory. 
This would potentially deform the unique structure of the PN 
coefficients in GR. 

The parametrized test searches for such possible deviations 
from GR by modifying the phasing with dimensionless frac
tional deviation parameters [39-41], 

GR( � ) 
<Pa ---t <Pa 1 + O</Ja , (1.2) 

where the subscript, 'a' collectively represents both logarithmic 
and non-logarithmic coefficients of Eq. (1.1). When 0¢a = 0, it 
implies "no deviations" from GR. GW data is used to quantify 
the consistency of 6¢a with zero which constitutes a "null' test 
of GR. 

There are different ways in which this null test could be 
performed. The most general and rigorous approach would be 
to infer all the eight PN deformation parameters together from 
the data [21]. Alternatively, a less general approach could be 




















